hydraulic loading rate was 375 mm d -1 and C/N ratio was 2 in both periods.
43
Samples for microbial characterization were collected from the filter medium 44 (top and bottom layers) of the wetland, and from water inflow and outflow at the 45 end of Periods I (Jun-Oct) and II (Nov-Jan). Decir los meses cuando se 46 presentan los dos periodos (lo que he escrito arriba)The combination of qPCR 47 and high throughput sequencing (NGS, MiSeq) assessment at DNA and RNA 48 level of 16S rRNA genes and nitrogen-based functional genes (amoA and nosZ-49 clade I) revealed that nitrification was associated both with ammonia-oxidizing 50 bacteria (AOB) (Nitrosospira) and ammonia-oxidizing archaea (AOA) 51 (Nitrososphaeraceae), and nitrite-oxidizing bacteriaers (NOB) such as 52
Nitrobacter. Considering the active abundance (based in amoA transcripts), the 53 AOA population revealed to be more stable than AOB in both periods and 54 depths of the wetland, being less affected by the organic loading rate (OLR).
55
Although denitrifying bacteria (nosZ copies and transcripts) were actively 56 detected in all depths, but, the denitrification process was lower (removal of 2 g 57 TN m -2 d -1 for both periods) as shown by NOx-N accumulation in the effluent. 58
Overall, AOA, AOB and denitrifying bacteria (nosZ) were observed to be more 59 active in the bottom than in the top layer at lower OLR (Period II). A proper 60 design of OLR and hydraulic loading rate (HLR) seems to be crucial to control 61 the activity of microbial biofilms in VF wetlands on the basis of oxygen, organic -62 carbon and NOx-N forms, to improve their capacity for total nitrogen removal. 63
INTRODUCTION 69 70
Constructed wetlands (CW) are engineered systems designed to simulate the 71 conditions that occur in natural systems to treat wastewater (Kadlec and 72 Wallace, 2009 ). This technology is under continuous development worldwide as 73 a sustainable alternative for decentralized wastewater treatment in small 74 communities or remote areas, due to its low energy consumption, ease of 75 operation and provision of ecosystem services, and it has been widely 76 employed for the treatment of different types of wastewater (García et al., 77 2010) . Vertical subsurface flow (VF) constructed wetlands (VF) are one of the 78 configurations of subsurface CW which holds greater oxygen transfer capacity 79 due to its design (unsaturated bed) and operational mode (intermittent feeding), 80
and require a smaller land area compared to other types of CW operating 81 without air induction (Cui et al., 2010) . Given their large oxygen transfer 82 capacity, VF wetlands are mainly employed for nitrification and removal of 83 organic matter (Platzer, 1999) . 84
It has been proven that the nitrification capacity of VF wetlands is directly 85
related to the applied organic loading rate (OLR), since the excess of organic 86 compounds can affect the oxidation of ammonia due to the competition of 87 oxygen between heterotrophic and autotrophic organisms (Saeed and Sun 88 2012; Sun et al., 1998) . On the other hand, the presence of biodegradable 89 organic compounds seems to promote the growth of denitrifying organisms 90 (Headley et al., 2005) . Therefore in general, nitrogen removal is associated with 91 nitrification of ammonia nitrogen followed by denitrification of nitrate. In this way, 92 nitrogen transformation in VF wetland is accomplished by ammonia-oxidizing 93 bacteria (AOB), ammonia-oxidizing archaea (AOA), nitrite oxidizing bacteria 94 (NOB) and to a lesser extent by denitrifying bacteria enriched in the biofilm of 95 filter media, which are metabolically active depending on the specific linked to 96 certain environmental conditions.CITA 97
Several studies have been conducted to elucidate the bacterial dynamics 98 involved in the nitrogen cycle in VF wetlands. In a VF wetland operated under 99 OLR of 27 g COD m -2 d -1 was identified that Nitrosomonas europaea, N. mobilis 100
and Nitrosospira were dominant AOBs in the filter media (Tietz et al., 2007) . 101 Guan et al. (2015) GGACTACVSGGGTATCTAAT-3') were used, respectively. 317 Downstream MiSeq data analysis was carried out by using QIIME software 318 version 1.8.0. The obtained DNA reads were compiled in FASTq files for further 319 bioinformatic processing. Trimming of the 16S rRNA barcoded sequences into 320 libraries was carried out using QIIME software version 1.8.0 (Caporaso et al., 321 2010). Quality filtering of the reads was performed at Q25, prior to the grouping 322 into Operational Taxonomic Units (OTUs) at a 97% sequence homology cutoff. 323
The following steps were performed using QIIME: Denoising using Denoiser 324 
Quantification of nitrifying and denitrifying population 383
Eubacterial populations exhibited variability on the metabolic activity and active 384 diversity as a function of the filter depth and OLR applied in the VF wetland (Fig.  385   3a) . In Period I (130 g COD m -2 d -1 ) eubacteria were more active in top than in 386 the bottom layer of the wetland (10 12 and 10 10 16S rRNA transcripts g -1 , 387 respectively). Greatest microbial abundance has been reported to occur in the 388 top layer of VF wetlands by previous studies, being attributed to the higher 389 availability of organic matter and nutrients in the surface of the unit (Foladori et Nitrification was identified as an active process in the top and bottom layers of 397 the VF wetland throughout the study, where ammonia oxidizing bacteria (AOB) 398 and archaea (AOA), and phylotypes related to nitrite oxidizing bacteria (NOB) 399 belonging to Nitrobacter genus were actively detected (Fig. 3 b, c and 5) . 400
Independently of the applied OLR, total AOB were more abundant than AOA 401 populations in both periods and depths, being 10 6 amoA_AOB copies g while, AOA activity remained stable (10 6 amoA transcripts g -1 in both layers). 423
Environmental conditions seem to be fundamental in the growth and 424 development of stable and specialized ammonia-oxidizing communities (Fan et 425 al., 2016) . AOA have been detected over a wide pH range, whereas AOB are 426 neutrophilic and their highest growth rate occurs at pH 7 to 7.5 (Prosser andNicol, 2012) . qPCR results show how at higher oxygen availability across the 428 filter bed (under lower ORL) and more availability of carbon in top layer, AOB 429 exhibited their highest activity at the bottom layer. Differently, metabolically 430 active AOA remained more stable. As previously described, increasing oxygen 431 concentrations enhanced enrichment of AOB, whereas the archaeal population 432 was almost oxygen-insensitive. 433
In relation to the denitrification, nosZ gene abundance (clade I) was similar in 434 both periods and along the depth of the filter bed (10 7 nosZ copies g -1 ). 435
Nevertheless, nosZ gene copies were always lower in respect to nosZ gene 436 transcripts (Fig. 3d) . In Period I greater activity of denitrifying bacteria was 437 identified in the top (10 6 nosZ transcripts g -1 ) than in the bottom (10 4 nosZ 438 transcripts g -1 ) of the wetland. When the OLR was decreased (Period II), the 439 activity of denitrifying bacteria showed a similar behavior than AOB, decreasing 440 in the top layer (10 5 transcripts g -1 ) and increasing in the bottom layer (10 6 441 transcripts g -1 ). These results suggest that under conditions of high carbon 442 concentrations the denitrification could occur in the surface layers at low oxygen 443 availability (Period I). When the OLR was decreased (Period II), a higher 444 oxygen transfer capacity would displace the denitrifying community to the 445 bottom of the wetland. This community may also be linked to the activity of the 446 nitrifying community in this part of the wetland, which would help decreasing 447 oxygen availability in the filter, thus promoting the denitrification activity both 448 inside the biofilms and in planktonic cells. 449
Globally, ammonia oxidizers (eubacteria and archaea), as well as denitrifying 450 bacteria (nosZ) were detected to be more active in the bottom layer during 451
Period II at lower OLR (Fig 3 b, c, and d) , compared with top layer and Period I, 452 which would confirm the occurrence of higher simultaneous active nitrifying-453 denitrifying process in the VF wetland at a specific range of organic load. 454 Figure 4 shows the ratio of genes transcripts vs. genes copies of bacterial and 455 archaeal amoA and nosZ in top and bottom layers of the VF wetland at the two 456 sampling campaigns. Regardless of OLR applied in the VF wetland, AOA was 457 the active nitrifying community more abundant along the vertical profile of 458 wetland, whereas AOB activity was highly dependent on the OLR. Interestingly, 459 AOB could be also be influenced by the availability of carbon. High carbon 460 availability resulted in higher specific growth rate of heterotrophic organisms 461 (compared to autotrophic) and promoting a rapid consumption of available 462 oxygen (Saeed and Sun, 2012) . This also would also end up promoting the 463 displacement of the nitrifying bacteria to the lower part of the filter, where the 464 availability of organic carbon compounds would be lesser (Salomo and Roske, 465 2009). Transcript levels of nosZ gene were lower than amoA gene in both 466 periods, which was in accordance the low denitrification potential observed in 467 VF wetlands (Vymazal, 2013) . 468 
Active microbial community from water inflow is dominated by 476
Gammaproteobacteria (40% RA), Epsilonbacteria (19% RA) and Flavobacteriia 477 (16% RA) classes, whereas the active biofilm from the filter media of the VF 478 wetland presented a different microbial community, showing more diverse and 479 similar between layers (see SM). In the top layer Deltaproteobacteria (21% RA) 480 was the predominant class followed by Alphaproteobacteria (18% RA), 481
Planctomycetia and Actinobacteria (both at 12% RA). The profile of active 482 bacteria in the bottom layer was slightly different being Alphaproteobacteria the 483 most active class (22% RA), followed by Gammaproteobacteria, Plantomycetia, 484
Acidobacteria_Gp4, Betaproteobacteria (all classes at 9% RA). Interestingly 485
Deltaproteobacteria was marginal at the bottom layer accounting for 6% of RA. 486 NGS results revealed that eubacterial populations of biofilms attached to bed 487 material (gravel-sand) were clearly represented by metabolically active families 488 linked to the nitrogen cycle (Graf et al., 2014) . Regarding the active AOB 489 population, Nitrosomonadaceae family (1% and 0.8% RA at top and bottom 490 layers, respectively) were represented by OTUs belonging to the genus 491 Nitrosospira (see supplementary material- Figure S1 ) that could accumulatenitrite in the oxygenated layers of the biofilm and CWs. Interestingly, recently it 493 has been described that all known AOB are able to conduct nitrifier-494 denitrification by means of nitrite reductases (nir genes) and nitric oxide 495 reductases (nor genes), favoring the transformation of NO2 -to N2O under low 496 O2 environments (Kozlowski et al., 2016; Zhu et al., 2013) . 497 Active NOBs were represented by OTUs belonging to the genus Nitrobacter 498 (4% RA at both layers) that belongs to the order Rhizobiales 499 (Bradyrhizobiaceae family) (Fig. 6) . The high revealed activity of Nitrobacter 500 could be related with the accumulation of nitrate observed in the present study 501 and enhanced at lower OLR. Nitrobacter have a low-nitrite affinity, high growth 502 rate and develop large populations when nitrite is present at high concentrations 503 (Andrews and Harris, 1986) . In this way, the active presence of AOB and AOA 504 populations in the VF wetland could favor the nitrite accumulation and the 505 potential activity of Nitrobacter genus even at the bottom layer. 506
Active archaeal community structure and diversity was completely different 507 between inflow and filter media. Active methanogenic archaea were highly 508 specialized in the biofilms accounting for 99.4% of active archaeal population in 509 water inflow and for less than 5% in biofilms in the top layer and 20% in the 510 bottom layer. Archaeal active biofilms on filter media were clearly dominated by 511 AOA with a relative abundance of Nitrososphaeraceae accounting for 97.5% at 512 top layer and 78.4% at bottom layer. It is obviously the establishment and 513 activity of AOA population, becoming an important group of the filter media 514 biofilm as previously observed by qPCR quantification (Fig 3b) . The main 515
representative OTU of the AOA family was OTU2 that belongs to the genera 516 Nitrososphaera (see supplementary material- Figure S1 ). That sequence 517 showed 100% of similarity (NCBI Blastn) with Archaeon G61 (KR233006. to operational conditions, such as ammonia loading rate and dissolved oxygen 527 in a nitrogen-removing reactor. Lower active abundance of AOB in relation AOA 528 can be associated with higher OLR applied in the wetland, which favored the 529 activity of heterotrophic bacteria, such as Myxococcales that was identified as 530 active biomass in higher abundance (20% in top and 5% in bottom layers) (Fig.  531   6) . Myxococcales live in environments with lots of decomposed organic matter, 532
and are gliding bacteria commonly found in soils and activated sludge that are 533 thought to significantly impact biomass carbon (Luerders et al., 2006) . 534
On the other hand, denitrifying bacteria were found in low abundance and 535 activity in the filter bed of the VF wetland ( material- Figure S1 ) was higher in the influent wastewater (38% RA). However, 539
in the filter bed of the wetland the active abundance of Pseudomonadaceae 540 was significantly lower (2 % in top and 5% in bottom layers). The same behavior 541 was identified for other well-known denitrifying bacteria in wastewater such as 542
Opitutus (Opitutaceae family; Opitutus genus -see supplementary material-543 Figure S1 ) and Clostridiales (Peptostreptococcaceae family; Clostridium XI 544 genus), which indicated a low stability of active denitrifying bacteria in the filter 545 bed, probably due the overall high oxygen availability. However, they were 546 detected in both periods, when active methanogenic bacteria were identified. 547 The combination of qPCR and NGS at RNA level revealed that the nitrification 559 process was associated with AOB (Nitrosospira), AOA (Nitrososphaeraceae) 560 and NOB (Nitrobacter). AOB populations were observed more abundant (at 561 DNA level) than AOA in both layers. However, considering the active abundance 562 (based in amoA transcripts) the ammonia oxidizing population dynamics was 563 inverted being AOA population more stable in both periods and depths. 564
Although denitrifying bacteria (nosZ copies and transcripts) were detected 565 active in the filter bed, it was not enough to minimize NOx-N accumulation in the 566 water effluent. 567
Ammonia oxidation was performed mainly by AOB (Nitrosospira) and AOA 568 . Taxonomic assignment of sequencing reads (MiSeq) from the active eubacterial community (16S rRNA-based cDNA) of water inflow, and filter media from top and bottom layers of Period II at order level. Relative abundance was defined by the number of reads (sequences) affiliated with any given taxon, divided by the total number of reads per sample. Phylogenetic groups with a relative abundance lower than 1 % were categorised as 'others'. Taxonomic assignment of individual datasets using the RDP Bayesian Classifier with a bootstrap cut-off of 80%. Figure 6 . Taxonomic assignment of sequencing reads from the active archaeal community (16S rRNA based cDNA) of water inflow, and filter media from top and bottom layers of Period II at family level. Relative abundance was defined by the number of reads (sequences) affiliated with any given taxon, divided by the total number of reads per sample. Phylogenetic groups with a relative abundance lower than 0.5 % were categorised as 'others'. Taxonomic assignment of individual datasets using the RDP Bayesian Classifier with a bootstrap cut-off of 80% 
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